Controlled synthesis of functional photoluminescent materials are of particular interest due to their fascinating optical properties. Herein, highly uniform SiO 2 :xTb 3+ spherical nanoparticles are fabricated by a facile sol-gel method.
Introduction
Lanthanides have unique photoluminescence properties, which enables their utilization in diverse applications, such as optical devices [1] , biological fluorescence imaging and detections [2] [3] [4] [5] [6] , lighting and displays [7] [8] [9] depending on their morphology, size, and composition [10] . Particularly, Tb 3+ is an intriguing trivalent lanthanides ion due to its green light emission under near-ultraviolet excitation. Silica is a fantastic oxide bolster material for an extensive variety of applications, such as electronics, displays, sensors, catalysts, and biomedical imaging, due to its thermal stability and endurable biocompatibility [11] - [17] . In addition, the silica spine cannot only serve to bulwark and firm the functional structure inside but also allow its optical properties to be inquired from outside due to the chemical activity and optical transparency of si- 
Preparation
A series of rare earth-doped SiO 2 spherical nanoparticles were prepared via a simple CTAB-based sol-gel process. In a typical process, 0.35 g CTAB was dissolved in 5 mL ethanol and 20 ml deionized water. After stirring several minutes, 0.3 ml Ammonia, 2.2 ml TEOS and different amount of Ln(NO 3 ) 3 were added into the above solution, respectively. After additional agitation for overnight, the resulting precipitates were collected by centrifugation, washed three times with ethanol, deionized water, and then dried at 60˚C in air for 12 h. The final product was obtained through a heat treatment of the precursor at 600˚C in air for 2 h.
Characterizations.
X-ray powder diffraction (XRD) was measured by a Rigaku D/max-B II X-ray diffractometer with Cu Ka radiation. Transmission electron microscopy (TEM)
images were obtained with a JEM-2000EX TEM (acceleration voltage of 200 kV).
The scanning electron microscope (SEM) images were observed by S-4800, Hitachi. Energy-dispersive spectroscopy (EDS) analysis was performed with an H JEOL JXA 840 EDX system attached to the SEM microscope. The X-ray photoe-lectron spectra (XPS) were taken using a VG ESCALAB 250 electron energy spectrometer with Mg Ka (1253.6 eV) as the X-ray excitation source. The PL measurements were determined using Jobin Yvon FluoroMax-4 luminescence spectrophotometer (PL) equipped with a 150 W xenon lamp as the excitation source. All the measurements were performed at room temperature.
Results and Discussion

Morphologies and Structures
The morphologies and structures of samples were investigated by the SEM and TEM observations. (Figure 1 The structure and composition of the as-prepared SiO 2 :Tb 3+ spherical nanoparticles were examined by XRD. As shown in Figure 2 , it was obvious that only and elemental mapping of SiO 2 :Tb 3+ spherical nanoparticles.
broad peaks could be observed at 2θ = 24˚ -25˚ in all samples, which corresponding to the characteristic diffraction peak of pure amorphous SiO 2 [22] , indicating no other phases or impurities were formed. Meanwhile, it also could be found that the doping could reduce the intensity of samples by increasing con- 
Component Analysis
The EDX spectra for (Figure 4 ). This is ascribed to the doping effect, which alter the electronic structure of Si [25] . Meanwhile, the binding 
Photoluminescence Properties
In Figure 5 the luminescent properties of the Tb 3+ doped silica spherical nanoparticles were investigated. The excitation spectra of the Tb 3+ doped silica spherical nanoparticles after calcination at 600˚C was shown in Figure 5 , the PL excitation spectra obtained by monitoring a green emission with various concentra- Figure 6 presents the PL emission spectra of the SiO 2 :xTb 3+ samples with different Tb 3+ concentrations at 377 nm irradiation. We could find that the spectra were almost same irrespective of the Tb 3+ concentration, but with the increasing Figure 4 . Wide-scan XPS spectra and high-resolution Si (2p), O (1s), Tb (3d) and Tb (4d) XPS spectra of SiO 2 :Tb 3+ spheres. due to the concentration quenching effect [28] . This might be due to the cluster of activators at high concentration would lead to the energy transfer by crossrelaxation between Tb 3+ ions in the SiO 2 :Tb 3+ sphere. For most of rare-earth activators, the concentration quenching effect was ascribed to the non-radiative energy transfer from rare-earth ions to nearby quenching centers, which usually through the exchange interaction and multipole-multipole interaction [29] . At the same time, other non-radioactive processes such as energy transfer to hydroxyl ions and the defects in silica also could contribute to the luminescence quenching effects. It could be indicated that the optimal doping concentration of other peaks, which was a hypersensitive forced electric dipole transition. It was known that the f-f transition arising from a forced electric dipole was forbidden and became partially allowed when the rare-earth ion was situated at a low symmetry site [23] . Therefore, the Tb 3+ concentration as well as the silica framework structure affected the efficient luminescence of Tb 3+ ions [13] . From the results discussed above, it can be deduced that the optimal efficient luminescence was observed at the 3 mol %Tb 3+ , which means that the concentration quenching was occurred above 3 mol % Tb 3+ .
The decay kinetics behaviors of Tb 3+ in SiO 2 :xTb 3+ sphere were investigated. 
Conclusion
In summary, a series of 
